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High copy number expression vectors and 
methods for increasing the copy number of such 
vectors in an appropriate host and for expressing 
cloned genes using them. The vectors and methods 
of the invention may be used to improve the pro- 
duction of polypeptides, proteins and amino acids 
in host cells transformed with DNA sequences cod-- 
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HIGH 



MTIMBER F^^^STQH VECTORS 



■refflttTCAL FIF Tn ™* INVENTION 

This invention relates to improved high 

copy number expression vectors and to »^ ods ^ 
copy nuiuw r vectors and for 

increasing the copy number of such ve 

be used to improve the product^ o£ ™* 'f/ 
peptides, proteins and amino adds rn 
transformed with UNA sequences coding for those 

products . 

pai-griKOnHI) ART 
The level of production of a protein in a 
host cell is governed by three maior factors: tte 
number of copies of its gene withm the 
efficiency with which those gene copies are tran 
scribed and the efficiency with which the resultant 
Tesfenger « (— -> ^ ^ d I L^t he 
= ^ ^rtfTh: 1^10^ containing 
thft gene present in the cell during expression. 
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Vector copy number is controlled by the 
interaction of three elements in ColEl-type Pl«»f s 
Z rna which pri.es DNA replication ("primer RNA ^ 
the small "RNA I" and, the protexn product of the re* 

These three elements are coded for by and act 
Tithln a 1300 base pair region surrounding the ongxn 
of DNA synthesis (G. Cesareni et al., . 
ColEl DNA Replication: The roo. Gene Product Negatxvely 
Affects Transcription From The ^ lica * OT 
Promoter,- ProcJ^cad.J^ 79, 6313-17 
(1982)). The synthesis of primer RNA and RNA I xs 
controlled by promoters P m and P r respectxvely 
Promoters P and P, are constitutive, i.e.. they 
con^nually m promote egression of genes <*£^ 
linked to them (B. M. Wong et al., "Temperature- Sen 
sitive Copy Number Mutants Of ColEl Are Located In 
An Untranslated Region Of The Plasmxd Genome, Proc^ 
Natl >r.,d. Sci. USA 79, 3570-74 (1982)). 

— Both the rcR gene product and RNA I xnhxbxt . 

DNA replication, and hence copy number, by interac- 
tion with primer RNA. However, mutatxons xn the 
ge.es coding for either RNA X or primer «^ 
Interfere with the interaction between the two 
Sve resulted in an increase in DNA replication and 
accordingly an increase in the copy number of the 
plasmid within a host cell (J- Tomxzawa and T Itoh 
"Plasmid ColEl Incompatibility Determxned By Interac 
tion Of RNA I With Primer Transcript/' Proc^Natl^. 
^^i^USATS, 6096-6100 (1981)); (G. Cesarenx 

et al., ^^ dit . on to cQpy number/ the particular 

. characteristics of the expression 

used to promote gene expression to produce a desired 
product is also important. For example, 
control sequences may be constitutive or controllable. 
Preferred expression control sequences are oontr^l- 
able, e.g., they may be switched off to enable the 
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. ,. nils to propagate without excessive build-up 
0 / o Xy ceU-toxic products and then switched 
°n to promote synthesis under the control 
expression control sequences of large amounts of the 
aesired product^ contro i 

sequences , which satisfy some of the 
forth above, have been employed to express DBA « 
fences coding for proteins and polypeptides ^n 
various hosts. These include, for example^ the ope 
tor, promoter and ribosome binding f j*™^ 

—Tem" ?;: a r°:rz 

Of A Chemically Synthesized cene 
For _ The Hormone somatostatin, » Science 198, 1056 
,,=,771- D V. Goeddel eta., "Expression In 

Of Chemically Synthesized Genes o 
^1^^, ~ ^rocjetl^d^c^ 2i-^06 
(1979 „. the corres Ponding "*uenc s^ the «W 
Dhan synthetase system of E -coli ( tne s_e j 
Tj s.^mtage et al., "Influenza Antigenic Determi- 
nants Are Expressed From Haemaos^ cloned 
In ;.-^Hchia coli," Nature 233, 171-74 < 198 °>. 
j A^er^aTeTa!., "Human Growth Hormone: comple 
mentary DNA Cloning And Expression In Bacteria, 
Science 205, 602-06 (1979), and the major operator 
rfprio^r regions of phage X ("the P L system")^ 
£ Bernard et al . , "Construction Of "-mid Cloning 
Lid.. That Promote Gene Expression From The B 

T TT ^a^in/aL 

E Remaut et al . , Gene, ±2., 

combinations of these sequences. repre sso 
The lac system is controlled by a represso 
protein, the product of regulator gene i. It- 
activated by the addition of an inducer - lactose 
activateu , n lactose 

or isopropyl-thiogalactosxde ( IPTG ) , a 

analog. The trp_ system is also controlled by the 
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level of tryptophan or derivatives thereof The P L 
system on the other hand is temperature controlled. 
It is induced by increasing the temperature of the 
culture from 28°C to 42°C. 

in view of the diverse products now being 
made by recombinant DNA technology, methods to 
increase the copy number of genes coding for those 
products and hence their level of production would 
be advantageous. Preferably, these methods -*ould 
also be combined with controllable expression control 
sequences . 

r>T ^pt.OSTTRE OF THE INVENTION 
This invention relates to improved high 
copy number expression vectors and methods for in- 
creasing the copy number of such vectors and for 
expressing cloned genes using them. We have dis- 
covered tLt when the interaction between the elements 
. controlling DNA replication (primer RNA, HMA I and 
the rop_ gene product) is disturbed, priming of DNA 
synthesis becomes rate- limiting. By inactivating or 
deleting the promoter of primer RNA (P m )- and using 
another promoter, and more preferably * .controllable 
promoter, to promote primer RNA synthesis, we have 
found that we can regualte the rate of DNA repli- 
cation, and hence plasmid copy number. mmr - s _ 

Accordingly, this invention provides expres 
sion vectors, wherein the promoter of primer RNA 
(P ) has been inactivated or deleted and another 
promoter has been operatively linked to the coding 
sequence of primer RNA. 

Preferably, the promoter that is used 
instead of the deleted or inactivated promoter of 
primer RNA in the expression vectors of this inven- 
tion is characterized by at least one promoter 
selected from the group consisting of the promoter 
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of Ml* I. the promoter of the lacUVS gene and deriva- 
tives thereof ^ ^ expression vectors of 
thK invention are also characterized by a nation 
Tde etion which inactivates the ro£ gene product. 
In the presence of an inactivated roo. gene product, 
the use of the promoter of BMA I or of the lacUVS 
^ne to promote the synthesis of primer SNA produces 
Hector with a copy number 40 ti^es greater than a 
vector containing a wild-type P m and a wild-type 

5en6 ' The vectors of this invention also include 
at least one restriction site wherein a DNA sequence 
encoding a desired protein or polypeptide may be 
inserted into said vector and operatively £^ 
there to an expression control sequence. The latter 
^pression control sequence may include th. ^remoter 
th!t now controls the synthesis of primer RNA or it 
be an expression control sequence present else- 
where in the vector. More preferably, the expression 
I! sequence used to regulate the expressly l o 
the desired product is controllable, not constitute . 

As will be appreciated from the descrip- 
tion of this invention, the expression vectors and 
Methods of this invention permit the high level ex- 
" ssion of proxaryotic and euxaryotic product. en- 
coded for by DNA sequences operatively linked to 
expression control sequences in the vectors of this 
invention . 

BRIEF DESrPTPTION OF THE DRAWINGS 
Figures 1, 2 and 3 are schematic outlines 

of one embodiment of making and using an expressxon 

vector of this invention. 

Figure 4 is a schematic outline of another 

embodiment of making and using an expression vector 

of this invention. 
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Figure 5 is a schematic outline of another 
embodiment of making and using an expression vector 

of this invention- . „ 

Figure 6 is a schematic outline of another 
embodiment of making and using an expression vector 

of this invention. , 

Figure 7 is a schematic depiction of pLA512, 
one of the expression vectors of this invention 

Figure 8 is a schematic depiction of pLA51, 
another of the expression vectors of this invention. 

Figure 9 is an autoradiograph which demon- 
strates DNA replication of plasmid P LA51 in E^oli 
W3110(i q L8) at increasing concentrations of IFTC. 

pxrcn* MnnV. QF CARRY TVrrl ™T TTTC INVENTION 

in order that the invention herein described 

may be more fully understood, the following detailed 

description is set forth. 

in the description the following terms are . 

employed: _ ft ^ of DNR or » 

consisting of a sugar moiety (pentose) a phosphate, 
and a nitrogenous heterocyclic base. The base is 
linked to the sugar moiety via the glycoside carbon 
<!• carbon of the pentose) and that combination of 
base and sugar -is called a nucleoside. The base 
characterizes the nucleotide. The four DN A bases 
are adenine ("A"), guanine <"G»), cytosine < C K 
and thymine ( "T" ) . The four MA bases are A. c 

^ "" Ts^ca - A linear array of nucleotides 
connected one to the other by pnosphodiester bonds 
between the 3 ■ and 5 ■ carbons of adjacent P«*»"- 

Codon - A DNA sequence of three nucleotides 
(a triplet) which encodes, through its template or 
Lssenger RNA ( "mRNA" ) , an amino acid a translation 
start signal or a translation termination signal. 
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e « lB , the nucleotide triplet, TTA, TTC. CTT CTC, 
CTA and CTG encode the amino acid leucine ( Leu ). 
So TAA and TGA are translation stop signals and 

MO is a translation of ^ ac ids 

Polypeptide - A linear array 
connected 0^^^ by peptide *o»d.^« 
the a amino and carboxy groups of ad 3 acent ^™ ^ ' 

Gene - A DNA sequence which encodes through 
its mRNA ale^uence of amino acids characteristic of 

a specific polypeptide. . 

Transcription - The process of producing 

mRNA from a gene or DNA sequence. 

Translation - The process of producing a 

oolypeptide from mRNA. 

Expression - The process undergone by a 
DNA sequence or gene to produce a polypeptide It 
is a combination of transcription and translation 

Plasmid - A nonchromosomal, double-stranded 
DNA sequencTc^prising an intact -raplic ^ 
that the plasmid is replicated m a host cell. When 
tne plasmid is placed within a unicellular organism, 
the characteristics of that organism may be changed 

% ^ « a result of the DNA of the plasmid. 
or transformed as a result u t 
For example, a plasmid carrying the gene for tatra 
cycline resistance (Tet R ) transforms a cell pre- 
viously sensitive to tetracycline into one which is 
resistant to it. A host cell transformed by a 
plasmid or vector is called a « trans formant 

„r Bacteriophage - Bacterial virus 
many of which consist of DNA sequences encapsidated 
in a protein envelope or coat ("capsid"). 

rmnina vehicle or^ ector - A plasmid, 
phage DNA or other DNA sequence which is able to 
replicate in a host cell, characterized by one or a 
small number of endonuclease recognition or re str ic- 
tion- sites at which such DNA sequences may be cut in 
a determinable fashion without attendant loss of an 
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essential biological function of the DNA, e.g., 
replication, production of coat proteins or 
Promoter or binding sites, and which 
suitable for use in the identification of transformed 
cells, e.g., tetracycline resistance or ampicillm 

reSiStaaC ° ; ionina - The process of obtaining a popu- 
lation of organisms or DNA '^«^ 1 ^ r ^ tl<m . 

one such organism or seguence by asexual rep 

„ „<„.„r DMA MQleruTe or Hybrid DMA 

Molecule consisting of segments of DNA from different 
genomes (the entire DNA of a cell or ^ 
have been joined end-to-end and ^ =/!!^ n 

infect some host cell and to be maintained therein. 

, ^1 sequence - A sequence 

of nucleotides that controls and regulates expression 
of genes when operative* linked to those genes^ It 
includes the promoter, ribosome . 
' other sequences useful in the expression of.9«« 
tTat are^peratively linked to those expression con- 
trol sequences. The term "operative* linked 
includes having an appropriate start signal m front 
of the gene encoding the desired product and 
taining the correct reading frame to permit expression 
of tne inserted gene under the control of the expres- 
sion control sequence and syndesis of the desired 
product encoded for by that gene. 

THE HOST CEL r e INVENTION 
Any of a large number of available and 
well Known host cells may be used in the host-expres- 
sion vector combinations of this invention. The . 
selection of a particular host is ^f^™ * 
number of factors recognized by the art^ ^ 
include, for example, compatibility with the chosen 
expression vector, toxicity of the proteins encoded 
for by the hybrid plasmid, ease of recovery of the 
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desired protein, expression characteristics, bio- 
fafety and costs. A glance of these factors must 
be struck with the understanding that not all hosts 
ma y be equally effective for the expression of a 
particular DNA sequence in the expression vectors 

and methods of this invention. 

Within these general guidelines, useful 

hosts may include strains of E^, Pseudomonaj, 

Bacillus , Streptomvces, yeast and other fung i ani- 
lect or plants hosts, such as anim al (i»cl»d 

ing human) or plant cells in culture or other hosts 

known in the art. . . ^ 

The preferred host cells of this invention 

are E.coli strains MC1061, HB101 and W3110(i ). 

PROMOTERS USED INSTEAD OFP m - 
TO PROMOTE PRIMER RNA IN THE 
VKCTQRS 0 * ™™ INVENTION 

The promoters used instead of the inactivated 
or deleted promoter of primer RNA in the expression 
vectors of this invention may consist of either con- 
trollable or constitutive promoters. These include 
promoters from the E.coli lac system, the 
trp system, the TAG system, the TRC system, the ma 3 or 
Orator and promoter regions of phage A, the con- 
trol region of fd coat protein and other sequences 
known to control the expression of genes of pro- 
karyotic or eukaryotic cells and their viruses or 
combinations thereof. These promoters are V****' 
ably characterized by at least one P*™^ 
from the group consisting of the promoter of RNA I, 
the promoter of the lacUVS gene and derivatives 
thereof. These promoters are hereinafter designated 
Ft. -dF LAC5 , respectively. Most preferably the 
promoter is controllable. Accordingly, while P^ c5 
is preferred, other controllable promoters may also 
be used in the vectors of this invention to promote 
the synthesis of primer RNA. It should, however, be 
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understood that not all promoters may function with 
equal efficiency in the vectors of this invention. 

Although in one illustrative embodiment of 
this invention, the P r promoter (the promoter of 
RNA I) used instead of P m to promote the primer RNA 
is derived from ColEl DNA, it may also be derived 
from plasmids selected from the group consisting of 
pBR322, R lf cloDF13 and other similarly organized 
replicons and their derivatives. 

EXPRESSION OF DNA SEQUENCES IN 
THE VECTORS OF THIS INVENTION 

The vectors of this invention may be employed 
to control the expression of DNA sequences coding 
for a desired eukaryotic, prokaryotic or viral poly- 
peptide in a variety of ways. 

In one preferred embodiment of this inven- 
tion, we insert a DNA sequence encoding the desired 
polypeptide at a. restriction site downstream from 
and operatively linked to an expression control 
sequence that* includes the promoter used instead of 
the promoter of primer RNA (P m ), but upstream from 
the origin of DNA replication. 

In the embodiment of this invention where 
the promoter used instead of Pm to promote primer 
RNA is also used to express a desired protein or 
polypeptide, operators, ribosome binding and inter- 
action sequences, such as the Shine-Dalgarno 
sequences and other DNA sequences related to the 
regulation of expression of genes must also be 
employed together with the promoter to form an 
expression control sequence useful to control the 
expression of DNA sequences operatively linked to 
it. Such additional sequences ,- for example, 
include sequences from MS 2 , mu, bacteriophage T7 , 
phage \, and other like systems. Most preferably, 
sequences from bacteriophage T7 are employed with 
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these promoters in the expression vectors of this 
invention . 

In this embodiment of the invention, tran- 
scription begins at the expression control sequence, 
reads through the DNA sequence encoding the selected 
polypeptide and primes the origin of DNA replication. 
In this manner, the same expression control sequence 
simultaneously controls transcription of the DNA 
sequence encoding the desired polypeptide and the 
priming of the origin of DNA replication. 

In another, more preferred embodiment, of 
this invention, we insert the DNA sequence encoding 
the desired polypeptide outside of the origin of DNA 
replication and operatively link it there to an 
expression control sequence. 

Expression control sequences useful in 
this embodiment of the invention are well known in 
the art. They include both controllable and constitu- 
tive sequences. E.g., the E.coli lac system, the 
E.coli trp system, the TAC system, the TRC system, 
the major operator and promoter regions of phage A, 
the control regions of fd coat protein and other 
sequences known to control the expression of genes 
of prokaryotic and eukaryotic cells and their viruses 
or combinations thereof. Preferably, controllable 
expression control sequences are used. Such expres- 
sion control sequences, of course, also include the 
necessary operators, ribosome binding sites and inter 
active sequences as described above. 

Most preferably, the promoter of the expres 
sion control sequence used to express the desired 
gene is different from the promoter used to promote 
primer RNA and to initiate DNA replication in the 
vectors of this invention. This enables separate 
control of the production of a desired polypeptide 
and of the vector copy number. However, the two 
promoters may also be the same. 
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Restriction sites used to insert the desired 
DN A sequences into the expression vectors of this 
invention are well known. They include, for example, 
Aral, PstI, Sail, EcoRI , BamHI, Hindi II and Sau3a. 
JS^dTfor cleaving the vectors of this invention 
at that restriction site and inserting into that 
site a DNA sequence and operatively linking it there 
to the expression control sequence are also well- 
known. For example, the DNA sequence encoding the 
desired product may be combined with an ATG, a Shme- 
Dalgarno sequence and a ribosome binding site and 
the combination inserted into a restriction site 
downstream of the chosen promoter so as to opera- 
tively link the DNA sequence to the expression con- 
trol sequence. Alternatively, the required sequences 
may be inserted into the vector in a variety of separ- 
ate steps. 

METHODS FOR USING THE EXPRESSION 
VECTORS OF THIS INVENTION 

The expression vectors of this invention 
are useful in expressing eukaryotic, prokaryotic and 
viral DNA sequences. These include DNA sequences 
that encode animal and human hormones, such as any 
of the various IFN-cr's, particularly «2, cr5, «7, «8, 
IFN-p. IFN-7, human insulin and growth hormone, bovine 
growth hormone, swine growth hormone and erythro- 
poietin, human blood factors and tissue plasminogen 
activator, viral or bacterial antigens, such as the 
core or surface antigen of HBV or the antigens of 
FMDV, and other useful polypeptides of prokaryotic, 
eukaryotic or viral origin. 

Methods for expressing these DNA sequences 
and producing the polypeptides coded for by these 
sequences include transforming an appropriate host . 
with an expression vector of this invention charac- 
terized by having the desired DNA sequence operatively 
linked to an expression control sequence in the vector, 
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culturing the host under appropriate =°^°* S ° £ 

growth and expression and collecting the desired 

oolypeptide from the culture. 

An additional and important use of the 

«*„ression vectors of this invention is to =« een 
Hf lihraries for promoters ^^^r 

sequences encoding desired polypeptides. Because 

tnfpromoter of primer a» has heen 

deleted in our vectors, DNA replication ill not 
occur and the vector will not replicate unless an 
active promoter is used instead of the inactive or 
deleted promoter of primer RNA (P.>. *«° rd "^' 
tZ fragments from any DKA library, fragmented by 
restriction endonuclease treatment or other methods 
Known in the art, may he cloned into restriction 
Ttes that are operatively linked to the ••*»»=• 
encoding primer RNA- The resulting clones are then 
Jec to transform an appropriate host and cultured 
to select those clones that have replicating plas- 
aids The selected promoter is then removed from 

I ^h»f characterizes the selected clones 
the vector that cnaracteix^== . 
by Known means and used as desired to express^ 
D L sequences in a variety of expression vectors. 

METHODS A"" MATERIALS 
All restriction enzymes, polynucleotide 
Kinase and T, DNA ligase were purchased from New 
England Biolabs . Conditions for these enzymatic 
Actions have been described by N. » 

B . D . Weil., i-^ff^' r Us PP a. M 1 " 
and N. Panayotatos and R. D. Wells, J ■ - 
135 PP. 91-109 (1979). DNA was prepared for sub 
int reactxons by ether extraction, followed by 
EtS precipitation. Agarose and polyacryla.xde gel 
electrophoreses were performed as descrxbed in 
Panayotatos and Wells, supra. "Fill-in" reasons 
with polymerase I -large fragment (Boehrxnger) 
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("Klenow") were carried out in 20 mM Tris-HCl(pH 
7.6), 10 mM MgCl 2f 0.5 mM EDTA, 0.25 mM dithio- 
threitol and 60 mM each of the four deoxynucleoside 
triphosphates (Sigma) for 30 min at 37°C- 

EXAMPLE 1 

In the embodiment of this invention depicted 
in Figures 1, 2 and 3, we have prepared an expression 
vector, pRNll, that has the promoter of primer RNA 
(Pm) and most of the rop gene deleted and replaced 
by the promoter of RNA I (P T ). pRNll also includes 
a T7 ribosome binding site and the DNA sequence coding 
for IFN-a2 operatively linked to the Pj promoter. 

Referring to Figure 1, we first restricted 
pVH51, a derivative of ColEl [V. Hershfield et al., 
"Characterization Of A Mini-ColEl Plasmid" , 
J. Bacterid. , 126, pp. 447-53 (1976); A. Oka, 
"Nucleotide Sequence Of Small ColEl Derivatives: 
Structure Of The Regions Essential For Autonomous 
Replication And Colicin El Immunity* 1 , Molec. Gen, 
Genet . , 172, pp. 151-59 (1979)] with Alul and isolated 
the blunt-ended 255 base pair fragment carrying the 
P r promoter and part of the DNA sequence encoding 
RNA I by electrophoresis on a polyacrylamide gel 

(5%) (Figure 1). 

We then restricted pNKS97 [N. Panayotatos 
and K. Truong, "Specific Deletion Of DNA Sequences 
Between Preselected Bases", Nucleic Acids Research , 9, 
pp. 5679-88 (1981)] with Sail, removed the overhanging 
ends with SI nuclease and ligated the resulting frag- 
ment to a DNA fragment carrying the DNA sequence 
encoding IFN-a2 (Figure 1). This construction does 
not regenerate the Sai l site. Instead, it results 
in a construction having an ATG start codon ( from 
the bacteriophage T7 fragment) attached to the TGT 
codon encoding the first amino acid of IFN-a2 (Fig- 
ure 1). The construction is also characterized by a 
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Sau3Al restriction site following the TGT codon of 
the first amino acid of IFN-ot2. We designated this 
construction P NKS97-a2. Other DNA sequences encoding 
desired products may be inserted into the Sail sxte 
of pNKS97 in a like manner or using other methods 
well known in the art and employed as follows in the 
vectors and methods of this invention. 

We next took pNKS97-a2 and restricted it 
with EcoRI , filled in the EcoRI residues with Klenow 
and dNTPs in a conventional manner and ligated to 
that filled-in site the blunt-ended Alul fragment, 
described above, in a conventional manner, thereby 
regenerating the EcoR I site (Figure 1). 

This ligation produced a recombinant DNA 
molecule comprising an expression control sequence 
characterized by a Pj promoter and a 112 bp fragment 
taken from the 14.7 to 15.0% region of bacteriophage 
T7 [Panayotatos "and Truong, supra ] ; a DNA sequence 
within the replicon of the vector encoding RNA I and 
the primer RNA for initiation of DNA replication and 
their regulatory regions; and a DNA sequence encoding 
IFN-a2 operatively linked to the Pj-T 7 expression 
control sequence of the vector (Figure 1). We desig- 
nated this recombinant DNA molecule ppj-T 7 -a2. 

We have also prepared vector pPj-T-, by 
isolating the 255 base pair Alu l fragment of pVH51, 
as before, and ligating it to a fragment prepared by 
EcoRI restriction of pNKS97 and fill-in of the over- 
hanging ends with Klenow/dNTPs . This vector, shown 
in Figure 2, is characterized by an expression control 
sequence characterized by promoter Pj. and a DNA 
sequence from bacteriophage T ? ; a DNA sequence within 
the replicon of the vector encoding RNA I and the 
primer RNA for initiation of DNA replication and 
their regulatory regions; and a Sai l restriction 
site that permits DNA sequences encoding desired 
polypeptides to be inserted into the vector directly 



WO 85/04419 



PCT/GB85/00110 



-16- 

after the T7 region of the vector and an ATG start 
codon in that sequence so as to be operatively linked 
to promoter Pj. 

Referring now to Figure 2, we restricted 
pP i «T 7 with Pst I and Pvu II and collected the 2540 
base pair fragment containing part of the p-lactamase 
gene, the Pj promoter and the T ? ribosorae binding 
site. We then isolated a 509 base pair partial Thal- 
Pstl fragment from the plasmid pBR322 (coordinates 
3106-3611), which contains the rest of the p-lactamase 
gene, and a 1974 base pair PvuII fragment from pVH51 
containing the origin of DNA replication and the DNA 
sequences coding for RNA I and primer PNA. We ligated 
these three fragments together to produce a 5023 
base pair plasmid, pCP24. 

We next isolated the IFN-a2 region of 
pP -T 7 -cr2 (Figure 1) by treatment with Pst I and Ava l . 
We restricted pCP24 with Pst I and Aval and ligated 
the large fragment with the a2 fragment isolated 
from pP I -T ? -a2. The resulting plasmid, pCP25, cata- 
lyzed synthesis of 10-20 x 10 6 units per liter at 

°- D *590 of IFN " a2 in £ ' coli HB 101 * The c °Py number 
of pCP25 was about 40 copies per cell. 

We next screened for high copy number 
mutants of pCP25 in E.coli MO by plating on 
20mg/ml ampicillin-L broth- agar. We replated four 
fast-growing colonies and isolated their plasmids. 
All four plasmids' contained an extensive deletion of 
approximately half o'f pCP"25, including most of the 
a 2 gene, the downstream pBR322 sequence and some of 
the ColEl sequence, including the promoter for primer 
RNA. We designated this plasmid pCP26 (Figure 3). We 
determined, by restriction mapping and DNA sequencing, 
that the deletion was most likely caused by an homo- 
logous recombination event between two identical 
twelve base pair repeats present at position 216 of 
the a 2 sequence and within the ColEl Pj promoter-RNA I 
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region. pCP26 had a copy number and level of pro- 
duction of p-lactamase five fold higher than did pCP25. 

We next restricted pCP26 with Bglll and 
Pstl and isolated a 1536 base pair fragment containing 
the ColEl replicon. We isolated a 2617 base pair 
fragment, containing the a 2 gene downstream from the 
P promoter, from plasmid pPj-T-y-c^ (figure 1) by 
treatment with Pstl and Aval and ligated it to the 
1536 base pair Ball I -Pstl fragment to form the plasmid 
pRNll. As a result of this sequence of steps, pRNll 
lacks the promoter for primer RNA and most of the 
rop_ gene. The pBR3 22 -derived DNA sequence upstream 
of the Ava l site was also deleted in this sequence 
of steps. The plasmid also contains an additional 
p promoter and a 112 base pair fragment comprising 
the T7 ribosome binding site operatively linked to 
the DNA sequence coding for IFN-a2 . In pRNll this 
additional Pj promoter controls the production of 
primer RNA and therefore, the initiation of DNA repli- 
cation by read- through from the a 2 interferon gene 
to the sequences encoding the primer RNA. E.coli 
HB101 transformed with pRNll produced IFN-a2 at 
levels of 5% to 10% of total cellular protein. 

EXAMPLE 2 

Referring now to Figure 4, in order to 
replace the Pj promoter of pRNll with the lacUV5 
promoter (P LAC5 >> we restricted pRNll with EcoRI to 
remove the Pj promoter and isolated the large frag- 
ment. We then filled in the EcoRI residues with 
Klenow and dNTPs in a conventional manner. 

We next restricted pJW39 (T. Kovacic, 
personal communication) with BamHl and EcoRI and 
isolated the 99 base pair fragment containing the 
lacUVS promoter (P^cs)- We filled in the ends with 
Klenow and dNTPs as above and blunt-end ligated that 
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filled- in fragment to the large EcoRI fragment of 
pRNll produced above. 

This ligation produced a recombinant DNA 
molecule comprising an expression control sequence 
characterized by the ^ LAC5 promoter and the T7 ribo- 
some binding site operatively linked to the DNA se- 
quence encoding I FN a2 and also controlling the prim- 
ing of the origin of DNA replication. We designated 
this recombinant DNA molecule pLA512 (see also 
Figure 7) . 

We transformed E.coli MC1061 with pLA512 
using conventional conditions and cultured the trans- 
formed host at 37°C in L-broth, 40 pg/ml ampicillin. 
The ^ IJiC5 promoter in this expression vector not 
only controls DNA replication and increases the copy 
number of pLA512 to approximately 300 copies per 
cell but it also controls expression of IFN-cr2* In 
this host-vector system we observed production of 
IFN-cr2 at a level of about about 10% of total cellular 
protein on appropriate addition of IPTG. 

pLA512 is also useful to clone and express 
DNA sequences of other desired polypeptides. First, 
we removed the T7 ribosome binding site and the entire 
a 2 gene by restriction of pLA512 with Aflll [not yet 
commercially available] which cuts at the S 1 end of 
the T7 ribosome binding site sequences and at the 
3' end of the a2 gene (Figure 4). Upon re-ligation, 
the Aflll site is restored and a plasmid is produced, 
having a unique Afl ll site between the ^ LACS promoter 
and the origin of DNA replication. 

This Aflll restriction site is then used 
as an insertion site for other DNA sequences that 
code for a desired polypeptide- For example, using 
well-known procedures, we can insert a DNA sequence 
coding for the desired polypeptide operatively linked 
to sequences coding for a ribosome binding site and 
other necessary sequences into the Afl ll site of 
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that plasmid. As a result, the DNA sequence coding 
for the desired polypeptide is operatively linked to 
P on induction, as before, such a vector wxll 

provide a high copy number and a high level of 
expression of the DNA sequence coding for the desxred 
product. Alternatively, another restriction site 
located outside of the origin may be used to insert 
an expression control sequence-DNA combination. The 
resulting vector then has the DNA sequence encoding 
the desired product under the control of a separate, 
and perhaps different, promoter than the promoter 
controlling the primer RNA. 

EXAMPLE 3 

Referring now to Figure 5, we have depicted 
therein another embodiment of this invention wherein 
a vector lacking the P m promoter for primer RNA is 
used to select other promoters useful for expressing 
DNA sequences coding for desired products. 

We restricted pRNll with BgJLII. We next 
treated the large Ball I fragment with Bal31 nuclease 
and ligated the resultant fragments under standard 
conditions (N. Panayotatos & K . Truong, suora). 
This treatment resulted in removal of 625 base pairs, 
including all of the a 2 gene, part of the T7 ribosome 
binding site and 180 base pairs of ColEl DNA con- 
taining the RNA I coding sequence and most of the 
promoter controlling the production of RNA I . * We 
designated this recombinant DNA molecule pRN16 . 



* The P r which controlled transcription of a2 
and primed the origin of DNA replication in pRNll, 
was not affected by this digestion. Neither was 
the ability of the vector to replicate in a host 
transformed with it impaired. 
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We can then restrict pRNlS with EcoR I to 
remove the Pj. promoter and isolate the large frag- 
ment containing the origin of DNA replication. We 
can digest E.coli chromosomal DNA with EcoR I and 
combine the large pRN16 fragment with the digested 
DNA under standard conditions for ligation. We can 
then transform E.coli MC1061 with the mixture and 
culture the bacteria on plates in the presence of 
ampicillin- to select for Amp R colonies which contain 
replicating plasmids, indicating the presence of a 
functional promoter. The promoter can then be excised 
from the plasmid and used in conventional ways. 

EXAMPLE 4 

Referring now to Figure 6, we have depicted 
therein another embodiment of a method for producing 
and using an expression vector of this invention. 

Because it may be preferable to clone a 
gene under the control of a promoter other than the 
promoter which controls the priming of the origin of 
DNA replication, we constructed a plasmid in which 
the gene coding for IFN-a5 was placed under the 
control of the promoter for the gene coding for 
ampicillin resistance. 

We restricted pRNl6 with EcoR I to remove 
the P I promoter and isolated the large fragment. We 
filled in the EcoR I residues with Klenow and dNTPs 
in a- conventional manner. We then restricted pJW3 9 
(Example 1, supra ) with BamH I and EcoR I and isolated 
the 99 base pair fragment containing the lacU VS pro- 
moter, P rZ vr.c-- We filled in the ends with Klenow and 
dNTPs as above and blunt-end ligated that frlled-m 
fragment to the large EcoR I fragment of pRN16. 

This ligation produced a recombinant DNA 
molecule comprising an expression control sequence 
characterized by the ^ LhC5 promoter controlling the 
priming of the origin of DNA replication and a unique 
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Acci restriction site downstream from the origin of 
DNA replication. We designated this recombinant DNA 
molecule pLA51 (See also Figure 8). 

We used pLA51 to clone DNA sequences encod- 
ing a 5 interferon. 

We first prepared pPj-^-aS using pPj-T.^ 
This plasmid could also have been prepared in sub- 
stantially the same manner as pP r -T 7 -a2 (Figure 1). 

We next restricted pLA51 with Ace I and 
filled in the AccI residues with Klenow and dNTPs in 
a conventional manner. We then restricted plasmid 
pP -T 7 -a5 with EcoRI and Sai l and isolated the 
small fragment containing the T y ribosome binding 
site and the a 5 gene. We filled in the staggered 
ends with Klenow and dNTPs as above and blunt-end 
ligated that filled-in fragment to the Accl- 

linearized pLA51. 

This ligation produced a recombinant DNA 
molecule comprising an expression control sequence 
characterized by the P rjAC5 promoter controlling the 
priming of the origin of DNA replication and the DNA 
sequence encoding a5 interferon operatively linked 
to the promoter of the gene coding for ampicillin 
resistance. The a 5 gene is transcribed by read- 
through transcription from the promoter of the 
ampicillin resistance gene. 

We transformed E.coli MC1061 with this 
plasmid using conventional conditions and cultured 
the transformed host at 37 °C in L-broth, 40 M g/ml 
ampicillin. Expression of c5, however, was only to 
0.2% of total cellular protein, presumably because 
the majority of transcripts beginning at the Amp 
promoter are terminated at the end of the Amp gene 
with only a small amount of read-through to the a 5 
gene . 

In order to avoid the problem of termina- 
tion before transcription of DNA sequences coding 
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for the desired protein or polypeptide, we, using 
conventional techniques, can delete the terminators 
or introduce at the AccI site a promoter, including 
a DNA sequence coding for a ribosome binding site, 
operatively linked to the DNA sequence coding for a 5 
or another desired protein or polypeptide. 

EXAMPLE 5 

pLASl contains the Pj^qs promoter which 
controls priming of the origin of DNA synthesis* 
Since Pj^s is a controllable promoter, induced by 
IPTG, and since in pLASl plasmid copy number is con- 
trolled by the priming event, induction of ^u^q^ 
causes an increase in the copy number of pLASl. 

We cultured E.coli W3110(i q L8)* transformed 
with pLASl at 37°C in 5 ml L-broth, 0.2 mM IPTG, 
40 pg/ml ampicillin to early exponential phase. 
We then used 0.1 ml of this culture to inoculate 
10" ml L-broth containing increasing concentrations 
of IPTG. We harvested the cells after ten genera- 
tions of growth in the absence of ampicillin and 
purified DNA by a quick lysis procedure (R. D. Klein 
et al., Plasmid 3, 88-91 (1980)). We then restricted 
the plasmids with Pvul and Sai l and loaded identical 
aliquots of the linearized plasmids on a 1% agarose 
horizontal electrophoresis gel and processed using 
known methods (N. Panayotatos et al., J. Cellular 
Biochem. Supplement 7B Abstract No. -765 (1983). 

* E.coli W3110(i q L8) produces ten times more lac 
repressor (B. Muller-Hill et al., "Mutants That Make 
More LAC Repressor," Proc. Natl. Acad. Sci. USA 59 , 
1259-63 (1968)) and fifteen times less lac enzymes 

(J. G. Scaife & J , R. Beckwith, "Mutational Altera- 
tion of the Maximal Level of Lac Operon Expression," 
Cold Spring Harbor Syrup. Quant. Biol. 31 , 403-09 

(1967)) than a wild-type strain. 
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Ref erring now to Figure 9, lanes 4-8 represent 
aliguots of culture incubated in the .presence of 
0.0, 0.02, 0.06, 0.20 and 0.60 mH IPTG respectively ; 
lane 1 contains size-marker DNA; lane 2 contains a 
plasmid with the same copy number as P BR322 prepared 
in the same manner and digested with Pyul and Sail 
and lane 3 contains pLA51 prepared after culturing 
in parallel in E.coli strain MC1061 (a strain lacking 
the lac repressor) and loaded onto the gel after 
digestion with Pvul - ' Figure 9 demonstrates that 
pLA51 copy number increased proportionately with 
increasing IPTG concentration. 

We have done similar experiments using 
pLA512 and increasing concentrations of IPTG or lac- 
tose. We observed an increase in copy number of 
112-fold over the lactose and IPTG concentration 
ranges employed and an increase in IFN-cr2 production 
of 1000-fold over the lactose and 120-fold over the 
IPTG concentration ranges employed. The final level 
of IFN-a2 in the presence of lactose was about 10% 
of total cellular protein. 

Microorganism and expression vectors of 
this invention are exemplified by cultures deposited 
in the Deutsche Sammlung von Mikroorganismen, 
Goettingen, West Germany, on March 22, 1984 and 
identified as NP-1 to NP-4: 



NP 


-1: 


E 


.coli 


MC 


1061 


(pCP26) 


NP 


-2: 


E 


. coli 


MC 


1061 


(pRNll) 


NT 


-3 : 


E 


. coli 


MC 


1061 


(pRNl6 ) 


NP 


-4: 


E 


.coli 


MC 


1061 


(pLA51 ) 



These cultures have been assigned accession number 
DSM 2927, 2928, 2929 and 2930, respectively. 



WO 85/04419 



PCT/GB85/00110 



-24- 

Claims : 

1. An improved expression vector com- 
prising an inactive or deleted promoter of primer 
RNA, another promoter operatively linked to the DNA 
sequence encoding primer RNA in the vector, and at 
least one restriction site wherein a DNA sequence 
encoding a desired polypeptide may be inserted into 
such vector and operatively linked therein to an 
expression control sequence. 

2. The expression vector according to 
claim 1, characterized in that said other promoter 

is selected from the group consisting of the promoter 
of RNA I, the promoter of lacU V5 and derivatives 
thereof. 

3. The expression vector according to 
claim 1 or 2, characterized by a 'deletion, inser- 
tion or mutation which inactivates the rop gene 
product . 

4. The expression vector according to 
any of claims 1 to 3 , characterized in that said 
expression control sequence is characterized by the 
promoter that is operatively linked to the DNA se- 
quence encoding primer RNA. 

5. The expression vector according to 
claim 4, characterized in that said expression contro 
sequence also includes sequences coding for the ribo- 
some binding sites, including the Shine Dalgarno 
sequences . 

6. The expression vector according to 
claims 1 to 5 , characterized in that it is selected 
from the group consisting of pRN16, pLA51, and 
pLA512 . 

7. The expression vector according to 
any one of claims 1 to 3 , characterized in that 
said expression control sequence is characterized 
by a promoter that is not operatively linked to the 
DNA sequence encoding primer RNA. 
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8. The expression vector according to 
any one of claims 1 to 7, characterized in that it 
also includes a DNA sequence encoding a eukaryotic 
or prokaryotic polypeptide inserted into said vector 
at said restriction site and operatively linked 
therein to said expression control sequence. 

9. The expression vector according to 
claim 8, characterized in that said DNA sequence is 
selected from the group consisting of DNA sequences 
encoding animal and human hormones, viral and bacterial 
antigens, and other eukaryotic and prokaryotic poly- 
peptides . 

10. The expression vector according to 
claim 9, characterized in that said DNA sequence 
encodes polypeptides selected from the group consisting 
of human and animal interferons, human and animal 
growth hormones, antigens of FMDV, antigens of HBV, 
human insulin, human blood factors, tissue plasminogen 
activator, and erythropoietin; 

11. A method for producing a polypeptide 
characterized by the steps of culturing a host trans- 
formed with a vector of any of claims 8 to 10 and 
collecting said polypeptides. 

12. An improved vector for use in select- 
ing promoters from DNA populations, said vector com- 
prising a deletion of the promoter of the RNA which 
primes DNA replication. 

13. The vector according to claim 12, 
characterized by a deletion, insertion or mutation 
which inactivates the rop gene product. 

14. A method for selecting from DNA popu- 
lations a desired promoter characterized by the steps 
of inserting into the vector of claim 12 or 13 DNA 
fragments from said population and selecting the 
vectors in which DNA replication occurs. 
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